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CONJUGATES AND METHODS OF
FORMING CONJUGATES OF
OLIGONUCLEOTIDES AND
CARBOHYDRATES

This 1s a continuation-in-part of identically titled appli-
cation Ser. No. 08/640,263, filed Apr. 30, 1996 now aban-
doned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present i1nvention 1s broadly concerned with
oligonucleotide-carbohydrate conjugates which are resistant
to nuclease degradation and can be used as mhibitors of gene
expression. More particularly, the invention pertains to such
conjugates which are preferably formed using carbohydrates
(¢.g., sucrose) coupled via crosslinkers (e.g., 1,5-bis
(succinimidooxycarbonyloxy)pentane) to the 3'-ends of oli-
gonucleotides. The invention also relates to a method of
inhibiting gene expression wherein a conjugate 1s trans-
ported mto a cell where 1t can react with a macromolecule
(e.g., mRNA and double-stranded DNA) to form a complex,
and thus 1nhibit gene expression. Thus, these conjugates can
be used as oligonucleotide drugs useful 1n treating diseases
caused by the expression of specific genes.

2. Description of the Prior Art

Recent studies have indicated that oligonucleotides have
potential therapeutic value. Oligonucleotides may act as
antisense 1hibitors of gene expression in a number of ways.
Single-stranded oligodeoxynucleotides may arrest transla-
fion by forming heteroduplexes with mRNA, or may arrest
transcription by forming triple-strand helices with duplex
DNA. Catalytic ribonucleotides (ribozymes) may inhibit
gene expression by cleaving complementary mRNAs.
Furthermore, double-stranded oligonucleotides may bind to
protein sites that recognize specific sequences ol bases,

thereby inhibiting polymerases. (Ghosh et al., Progress in
Nucleic Acid Research and Molecular Biology, 42.79-126,

1992).

Two factors may limit the use of oligonucleotides as
therapeutic agents. First, unmodified oligonucleotides are
particularly susceptible to degradation by ubiquitous
nucleases. Many of these nucleases exhibit 3' to 5' exonu-
clease activity and require a hydroxyl group at the 3'-end of
the DNA molecule for activity. Second, the therapeutic
action of oligonucleotides 1s limited by their low ability to
enter the target cell.

Many approaches have been taken to limit the nuclease
susceptibility of oligonucleotides. One approach has been to
modily the phosphorous atom of the phosphodiester linkage
to produce phosphorothioates, methylphosphorates, and

phosphoramidates. (Uhlamann et al., Chem. Rev.,
90:543-584,1990; Goodchild, Bioconjugate Chem.,

1:165-186, 1990). Although this approach has given sig-
nificant resistance to nuclease degradation, the ability of the
oligonucleotide to support RNase-mediated degradation of

RNA is compromised. (Dagel et al., Anfisense Res.
Develop., 1:11-20, 1991). RNase H is a nuclease which

degrades only RNA that 1s hybridized to DNA and 1is
commonly used to gauge the ability of an oligodeoxynucle-
otide to form a stable duplex with RNA. However, phos-
phorothioate oligonucleotides incorporating 2'-deoxy-2'-
fluoroadenosine, -guanosine, -uridine, and -cytidine did
enhance duplex stability as measured by melting tempera-
ture (T,,) without compromising base-pair specificity.
(Kawasaki et al., J. Med. Chem., 36:831-841, 1993).
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Terminal phosphorothioate and methane phosphorate
modifications were shown to protect an oligonucleotide
from exonucleases such as snake venom phosphodiesterase
and spleen phosphodiesterase. (Stein et al., Nucleic Acids

Research, 16:3209-3221, 1988; Agrawal et al., 1etrahedron
Lett., 27:5575-5578, 1986). Additionally, terminal methane

phosphonate modifications were useful in protecting oli-
codeoxynucleotides from nuclease digestion in fetal calf

serum. (Tidd et al., Br. J. Cancer, 60:343, 1989).

Modification of pyrimidines at their 5- and/or 6-positions
resulted 1n enhanced nuclease stability of deoxyoligonucle-
otides 1n fetal calf serum and did not inhibit RNase
H-mediated degradation of RNA. (Sanghvi et al., Nucleic
Acids Research, 21:3197-3203, 1993). Also, deoxyoligo-

nucleotides modified at the 3'- and/or 5'-terminal phosphate
with phosphoroamidate linkages blocked exonucleolytic
degradation 1n human serum, fetal calf serum, and cell
media; furthermore, these terminal modifications main-
tained high binding atfinity of the oligonucleotide for the
complementary DNA sequence as shown by thermal dena-
turation measurements. (Shaw et al., Nucleic Acids

Research, 19:747-750, 1991).

The imclusion of an 8 base-pair sequence encoding a
hairpin loop on the 3' end effectively stabilized a deoxyoli-
conucleotide against degradation by phosphodiesterase-1
and 1n fetal calf serum. Thermal denaturation experiments
showed that the T, of this oligonucleotide hybridized to its
complementary mRNA was unaffected by the presence of
the secondary structure modification. (Kahn et al., Nucleic

Acids Research, 21:2957-2958, 1993).

An oligonucleotide containing internucleotide phospho-
rothioates and 3' alkylamine exhibited in vitro stability to
nucleases in fetal calf serum and 1n cell culture. Additionally,
treatment of HelLa cells with this oligonucleotide inhibited
expression of the target gene 15 days following initial
oligonucleotide treatment. Confocal microscopy revealed
that an oligonucleotide with both modifications exhibited
ogreater accumulation and release from cytoplasmic vesicles
compared to an oligonucleotide containing only the 3' alky-
lamine addition. Increased intracellular accumulation and
distribution of oligonucleotides are factors known to affect

their biological availability. (Tam et al., Nucleic Acids
Research, 22:977-986, 1994).

Although the studies described above demonstrate that
specific modifications of oligonucleotides result in enhanced
resistance to nucleases, these investigations have not linked
oligonucleotide modifications to improved methods of cel-
lular uptake. Unfortunately, little 1s known about the inter-
action of oligonucleotides with cell membranes.

Letsinger et al., Proc. Natl. Acad. Sci. USA,
86:6553-6556, 1989, linked a cholesteryl group to the
3'-terminal 1nternucleotide phosphorus of phosphodiester
and phosphorothioate oligonucleotides 1n order to increase
oligonucleotide solubility in cell membranes. These com-
pounds significantly inhibited replication of human 1mmu-
nodeficiency virus (HIV) in tissue culture.

The presence of polylysine at the 3'-end of oligonucle-
otides complementary to the HIV-1 splice donor site resulted
1n a significant reduction 1n the production of viral structural
proteins and virus tissue in infected cultures. (Stevenson et
al., J. Gen. Virol, 70:2673-2682, 1989). The authors pos-
tulated that the alteration in lipid solubility imparted by an
attached polylysine moiety affects both the ability of an
oligonucleotide to cross the cell membrane and 1ts intracel-
lular distribution.

Recently, gene-transfer methods have been developed that
exploit natural receptor-mediated endocytosis pathways for
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the delivery of DNA 1nto cells. One such class of receptors
are the lectins, which specifically recognize carbohydrate
residues. Ligands for cell receptors such as asialorosomus-
coid (Wu et al., J. Biol Chem., 262:4429-4432, 1987),
albumin-bound insulin (Huckett et al., Biochem.
Pharmacol., 40:253-263, 1990), transferrin (Wagner et al.,
Proc. Natl Acad. Sci. USA, 87:3410-3414, 1990), and viral
proteins (Cotten et al., Methods Enzymol., 217:618-644,
1992) have been successfully used to import DNA mol-
ecules 1nto cells. In each case, the ligand was conjugated to
DNA-binding protein and incubated with DNA. Resultant
ligand-coated DNA was able to bind to receptors on the cell
surface and was subsequently internalized.

Drawbacks of this approach include the difficulty of
controlling the protein conjugation chemistry (Plank et al.,
Bioconjugate Chem., 3:533-539, 1992), and limited gene
delivery due to accumulation of DNA complexes 1n intrac-
ellular vesicles. Zatloukal et al., Ann. N.Y. Acad Sci.,
660:136-153, 1992). Cotten et al., Proc. Natl. Acad. Sci.
USA, 87:4033-4037,1990, have attempted to overcome
these problems by replacing large protein ligands with
smaller compounds that mimic ligand-binding to a receptor.
These researchers constructed an artificial ligand for the
asialoglycoprotein which contained four terminal galactose
residues on a branched carrier peptide. This synthetic ligand
was conjugated to polylysine-bound DNA and delivered mnto
cultured hepatocytes.

Bonfils et al., Nucleic Acids Research, 20:4621-4629,
1992, covalently linked an oligonucleotide substituted at the
3'-end by a thiol group to 6-phosphomannosylated bovine
serum albumin via a disulfide bridge. The conjugated oli-
gonucleotide was stable 1n fetal bovine serum. The cellular
uptake of the conjugation was mediated by mannose-6-
phosphate membrane lectins.

Thus, the prior art reveals the ditficulties researchers have
encountered 1n developing efficient methods of delivery of
oligonucleotides 1nto cells in order to inhibit expression of
specific genes.

SUMMARY OF THE INVENTION

The present 1nvention provides an essential step 1n oli-
cgonucleotide therapy: the efficient delivery of oligonucle-
otides 1nto cells. In this invention, an oligonucleotide 1s
conjugated to a carbohydrate. The preferred on conjugates
os the invention include (and more preferably consist essen-
tially of) a single oligonucleotide compound conjugated to a
carbohydrate with a crosslinker, as these species are herein
defined. The carbohydrate of the conjugate has two roles. It
may act as a ligand which can recognize a specific receptor
located at the surface of the target cell. Receptor-bound
conjugate then may be transported into the cell by receptor-
mediated endocytosis. Furthermore, the carbohydrate of the
conjugate protects the covalently attached oligonucleotide
from attack by nucleases. The present invention 1s unique
and unknown 1n the prior art in that no one has conjugated
a nucleic acid molecule directly to a carbohydrate molecule
in order to facilitate transport across cell membranes or to
protect an oligonucleotide from degradation by nucleases.

In the most preferred embodiment, the oligonucleotide-
carbohydrate conjugate 1s formed by covalently attaching a
sucrose molecule to the 3'-end hydroxyl group of either a
phosphodiester or phosphorothioate oligodeoxynucleotide
via the crosslinker 1,5-bis(succinimidooxycarbonyloxy)-
pentane. The oligonucleotide has a length of at least about 2
nucleotides, 1deally from about 2 to 50 nucleotides. The
conjugate 1s synthesized 1n reactions catalyzed by Bacillus
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protease type VIII (subtilisin); these reactions are carried out
in anhydrous pyridine at from about 35 to 60° C., ideally
from about 40 to 50° C., for 24 hours in a single reaction
mixture with agitation of reactants. The resultant sucrose-
conjugated oligonucleotides are resistant to degradation by
Exonuclease-1 and by endogenous nucleases present 1n fetal
calf serum. Furthermore, attachment of sucrose does not
destroy the capacity of the oligonucleotides to form stable
duplexes with RNA, since such duplexes are able to support
RNase H-mediated degradation of the RNA strand.

However, the oligonucleotide, carbohydrate, crosslinker,
and enzyme used in the synthesis of the conjugate are not
limited to oligodeoxynucleotides, sucrose, 1,5-bis
(succinimidooxycarbonyloxy)pentane, and subtilisin,
respectively. Suitable oligonucleotides also include
oligoribonucleotides, both catalytic (ribozymes) and uncata-
lytic. Selection of a carbohydrate depends upon the receptor
utilized 1n cellular uptake of the oligonucleotide; suitable
carbohydrates 1nclude sucrose, N-acetyllactosamine,
cgalactose, glucose, mannose, Sialyl Lewis™ and derivatives
and fragments thereof, and carbohydrate moieties of bio-
functional glycoproteins and glycopeptides having amino
acid residue lengths of up 10 amino acid residues. The most
preferred carbohydrates have high cell receptor binding
capacities, such as sucrose, mannose and galactose. Suitable
crosslinkers include the following compounds:

O O O
(! .
R—O . O—R, R o/ \o/e 911\0/ \0 R,

O
ll (P:IZ O O—R, and
— Ik, an
R—O/ \O \C/ C/
2
O
O O
L8 B\
R—O/ \O \.EI/ \On \O—R
2

wherein each R moiety 1s a succinimidyl, imidazolyl,
benzoimidazolyl, triazolyl, or maleimidyl moiety, and each
n equals from 1 to 50. Suitable enzymes 1nclude Bacillus
protease bioenzyme 240, Bacillus protease B-500, alkaline
protease, aminoacylase, and lipase. The invention also com-
prehends attachment of the carbohydrate to the oligonucle-
otide without the use of a crosslinker or enzyme. Those of
ordinary skill in the art recognize that the conjugate can be
formed 1n a nonenzymatic chemical reaction.

As used herein, “carbohydrate” refers to a compound
which 1s either a carbohydrate per se made up of one or more
monosaccharide units having at least 6 carbon atoms (which
may be linear, branched or cyclic) with an oxygen atom
bonded to each carbon atom; or a compound having as a part
thereof a carbohydrate moiety made up of one or more
monosaccharide units each having at least six carbon atoms
(which may be linear, branched or cyclic), with an oxygen
atom bonded to each carbon atom. Generally, the preferred
carbohydrates useful 1n the invention are of relatively low
molecular weight in order to minimize the changes of the
final conjugant being immunogenic in vivo; the selected
carbohydrate per se or carbohydrate moiety-containing com-
pound should therefore preferably have a molecular weight
of up to about 1,500 and more preferably up to about 500.
Representative carbohydrates include the sugars (mono-,
di-, tr1-, and oligosaccharides containing from about 4-9
monosaccharide units), and polysaccharides such as
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starches, glycogen, cellulose and polysaccharide gums. Spe-
cific monosaccharides include C. and above (preferably
C—Cy) sugars such as glucose, fructose, mannose, galactose
and sedoheptulose; di- and trisaccharides would include
sugars having two or three monosaccharide units (preferably
C.—C,) such as sucrose, cellobiose, maltose, lactose, and
raffinose.

On the other hand, an “oligonucleotide™ 1s a compound
made up of recurring nucleotide units, each consisting of a
nitrogenous base, a 5-carbon sugar moiety (ribose in RNA
and deoxyribose in DNA). An oligonucleotide is not a
“carbohydrate” 1n the context of the present invention,
which requires one or more C, or greater monosaccharide
units therein. In addition, oligonucleotides are characterized
by specific recurrent nitrogenous basis (adenine, guanine,
cytosine, uracil or thymine referred to as A, G, C, U and T
respectively), and phosphodiester linkages. Preferably, the
carbohydrates of the 1nvention are essentially or completely
free of both the characterizing A, G, C, U and T nitrogeneous
bases and/or phosphodiester conjugation linkages between

the carbohydrate and oligonucleotide.

The preferred oligonucleotide-carbohydrate conjugates of
the invention should be non-proteinaceous, 1.€., free of
protein or peptide-like moieties having over 10 amino acid
residues. Neither the oligonucleotide, the carbohydrate nor
the crosslinker should therefore contain an amino acid
residue moiety exceeding 10 amino acid residues 1n length.

The preferred class of crosslinkers includes non-naturally
occurring, non-proteinaceous synthetic compounds having a
molecular weight of up to 20,000 (preferably up to 10,000)
and which are electrically neutral. The crosslinkers should
therefore not be 1n the form of large proteinaceous com-
pounds of high molecular weight and electrical charge. In
the most preferred form, the molecular weight of the
crosslinker should be less than, and certainly no more than,
that of the oligonucleotide. In the more general case, the
molecular weight of the cross linker should not be greater
than two times the molecular weight of the oligonucleotide.

An oligonucleotide-carbohydrate conjugate, once trans-
ported 1nto the target cell, may inhibit gene expression by
binding to a cellular macromolecule (e.g., mRNA and
double-stranded DNA) to form a complex. Thus, the oligo-
nucleotide may hybridize to complementary mRNA, result-
ing 1n either translation arrest or degradation of the mRNA
by RNase H. If the oligonucleotide 1s a ribozyme, it may
cleave the mRNA. Alternately, the oligonucleotide may
hybridize to double-stranded DNA, resulting 1n transcription
arrest. Thus, the conjugates of the present invention may
serve as therapeutic agents useful 1n treating diseases result-
ing from expression of specific genes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts the enzyme-catalyzed reaction in which the
3'-end hydroxyl group of an oligonucleotide 1s coupled to
SUCTOSE by the crosslinker 1,5-bis
(succinimidooxycarbonyloxy)pentane by Bacillus subtilis
protease (type VIII) in the presence of anhydrous pyridine;

FIG. 2 depicts an autoradiogram of a polyacrylamide gel
demonstrating the relative mobility of unconjugated radio-
labeled oligonucleotide (lane 4) and sucrose-conjugated
radiolabeled oligonucleotide (lane 5) (lanes 1 through 3 and
6 through 10 are irrelevant);

FIG. 3 depicts an autoradiogram of a polyacrylamide gel
demonstrating degradation of unconjugated radiolabeled oli-
gonucleotide with 0, 0.5, and 1.0 units of Exonuclease-1
(lanes 1 through 3, respectively), and sucrose-conjugated
radiolabeled oligonucleotide with 0, 0.5, and 1.0 units of
Exonuclease-1 (lanes 4 through 6, respectively);
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FIG. 4 depicts an autoradiogram of a polyacrylamide gel
demonstrating nuclease degradation using heat-imnactivated
10% tetal bovine serum of unconjugated radiolabeled phos-
phodiester oligonucleotide at 0, 0.15, 0.5, 2.0, and 24 hours
of incubation (lanes 1 through 5, respectively), and sucrose-
conjugated radiolabeled phosphodiester oligonucleotide at
0, 0.1, 0.5, 2.0, and 24 hours of incubation (lanes 6 through

10, respectively);

FIG. § depicts an autoradiogram of a polyacrylamide gel
demonstrating nuclease degradation using heat-inactivated
10% tetal bovine serum of unconjugated radiolabeled phos-
phorothioate oligonucleotide for 0, 0.5, 2.0, 24, and 48 hours
of incubation (lanes 1 through 5, respectively), and sucrose-
conjugated radiolabeled phosphorothioate oligonucleotide
for 0, 0.5, 2.0, 24, and 48 hours of incubation (lanes 6

through 10, respectively); and

FIG. 6 depicts an autoradiogram of a polyacrylamide gel
demonstrating hydrolysis by RNase H of radiolabeled RNA
hybridized to no oligonucleotide at 0 and 10 minutes of
incubation (lanes 1 and 2, respectively), unconjugated phos-
phodiester oligonucleotide at 10 and 30 minutes of 1mncuba-
tion (lanes 3 and 4, respectively), sucrose-conjugated phos-
phodiester oligonucleotide at 10 and 30 minutes of
incubation (lanes 5 and 6, respectively), unconjugated phos-
phorothioate oligonucleotide at 10 and 30 minutes of incu-
bation (lanes 7 and 8, respectively), and sucrose-conjugated
phosphorothioate oligonucleotide at 10 and 30 minutes of
incubation (lanes 9 and 10, respectively).

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

It 1s to be understood that these examples are set forth by
way of 1llustration only, and nothing therein shall be taken
as a limitation upon the overall scope of the mmvention.

The following examples describe (1) a method for the
preparation of antisense oligonucleotides conjugated at their
3'-ends to sucrose, and (2) a series of experiments under-
taken to test the stability and hybridization properties of
these oligonucleotides.

EXAMPLE 1

Polyacrylamide Gel Electrophoresis
Electrophoresis was performed using 20% polyacryla-
mide gels containing 7% urea, 90 mM Tris-borate (pH 8.3),
2 mM EDTA, 0.02% ammonium persulfate, and 15 ul
tetracthylediamine (TEMED). Samples were dissolved in

gel-loading buffer (10 M urea, 1.5 mM EDTA, 0.05% xylene
cyanol, and 0.05% bromophenol blue) and heated at 90° C.
for 1 minute and chilled before application to polyacryla-
mide gels.

EXAMPLE 2

Synthesis of Oligonucleotides

Both phosphodiester and phosphorothioate oligonucle-
otides used 1n this study were 19 nucleotides 1n length and
had the nucleotide sequence presented 1n Sequence ID No.
1. The phosphodiester 19-mer was synthesized by standard
phosphoramadite chemistry on a 392 DNA synthesizer
(Applied Biosystems, Foster City, Calif.). Phosphodiester
oligonucleotide was converted to phosphorothioate oligo-
nucleotide by sulfurization using tetracthylthiuram disulfide
(TETD) reagent (Applied Biosystems, Foster City, Calif.).
Following deprotection and cleavage from the column sup-
port by ammomium hydroxide, the oligonucleotides were
purified from 20% polyacrylamide gels by electroelution
followed by ethanol precipitation. Complementary ribo-
nucleotide 30 nucleotides 1n length was custom-synthesized

by Genset (San Diego, Calif.).
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EXAMPLE 3
Radiolabeling of Oligonucleotides
Oligonucleotide was incubated with 10 units of T4 poly-

nucleotide kinase (Promega, Madison, Wis.) per ug of
oligonucleotide in 50 mM Tris-HCI (pH 7.6), 5 mM MgCl,,

100 mM dithiothreitol, 1 mM ATP, and 20 uCi y-""P-dATP
in 50 ul for 90 minutes at 37° C. Unincorporated **P-labeled
ATP was removed using a sephadex G-25 column and
radiolabeled oligonucleotide was precipitated with ethanol.

EXAMPLE 4

Preparation of Sucrose-Conjugated Oligonucleotide

Anhydrous pyridine (Aldrich Chemical Co., Milwaukee,
Wis.) was dried over 3 A molecular sieves for 24 hours prior
to use. Subtilisin (EC 3.4.21.14, protease from Bacillus
subtilin; Sigma Chemical Co., St. Louis, Mo.) was dissolved
in 0.1 M Tris-HCI (pH 7.5), and lyophilized prior to use. One
mg of oligonucleotide was added to 10 ml of pyridine
containing 0.1 mM sucrose and 0.1 mM 1,5-bis
(succinimidooxycarbonyloxy)pentane (Fluka, USA). The
reaction was 1nitiated by adding 150 mg of subtilisin. The
suspension was shaken at 150 rpm at 45° C. for 24 hours.
The reaction was terminated by filtering off the enzyme or
by pelleting the sucrose-conjugated oligonucleotide by
microcentrifugation at maximum speed. Sucrose-conjugated
oligonucleotide was further purified by polyacrylamide gel
clectrophoresis.

EXAMPLE 5

Exonuclease-1 Degradation Assay

Radiolabeled oligonucleotide (30,000 CPM) was incu-
bated with either 0.5 or 1.0 unit of Exonuclease-1 in 67 mM
glycine (pH 9.5), 10 mM 2-mercaptoethanol, and 6.7 mM
MgCl, 1n 20 ul for 30 minutes at 37° C. After incubation, 5
ul of gel-loading buifer were added. All reactions were
analyzed by polyacrylamide gel electrophoresis followed by
autoradiography of the wet gel at =70° C.

EXAMPLE 6

Nuclease Degradation Assay

Radiolabeled oligonucleotide (30,000 CPM) was incu-
bated in RPMI-1640 medium (GIBCO-BRL, Grand Island,
N.Y.) containing 10% heat-inactivated fetal bovine serum at
37° C. Samples were removed at various times, mixed with
ocl-loading buffer, and frozen at -20 C. Samples were
analyzed by polyacrylamide gel electrophoresis followed by
autoradiography of the wet gel at =70° C.

EXAMPLE 7

RNase H Assay

Radiolabeled oligonucleotide (30,000 CPM) was
annealed to complementary RNA by incubation in 20 mM
Tris-HC1 (pH 7.5), 0.1 M KC1, 10 mM MgCl,, and 0.1 mM
ATP in 10 ul for 5 minutes at 65° C. followed by slow
cooling to room temperature. One unit of Escherichia coli
RNase H was added and imncubation at room temperature was
continued for either 10 minutes or 30 minutes. After
incubation, 5 ul of gel-loading buifer were added, and all
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samples were analyzed by polyacrylamide gel electrophore-
sis followed by autoradiography of the wet gel at =70° C.

RESULTS AND DISCUSSION

Conjugation of Sucrose to the Oligonucleotides

Sucrose-conjugated oligonucleotide appeared as one
major band 1in an autoradiogram of a polyacrylamide gel,
indicating that the purification of the compound resulted 1n
very little degradation (FIG. 2, lane 5). Furthermore, the
sucrose-conjugated oligonucleotide migrated more slowly 1n
the polyacrylamide gel than the unconjugated oligonucle-
otide (FIG. 2, lane 4) because of the presence of a
crosslinker and carbohydrate moiety at the 3'-end of the
oligonucleotide.
Resistance of the Sucrose-Conjugated Oligonucleotide to
Exonuclease-1 Degradation

Unconjugated and sucrose-conjugated oligonucleotides
were labeled at the 5'-end using y->"P-ATP and T4 poly-
nucleotide kinase. These oligonucleotides were subject to
digestion by different concentrations of Exonuclease-1 (FIG.
3). The unconjugated oligonucleotide was degraded nearly
completely by Exonuclease-1 (FIG. 3, lanes 2 and 3), while
sucrose-conjugated oligonucleotide exhibited only negli-
gible degradation by Exonuclease-1 (FIG. 3, lanes 5 and 6).
Resistance of the Sucrose-Conjugated Oligonucleotide to
Degradation 1n Heat-Inactivated 10% Fetal Bovine Serum

Unconjugated and sucrose-conjugated 5'->*P-labeled oli-
conucleotides were subject to degradation 1n heat-
inactivated 10% fetal bovine serum for different amounts of
time (FIG. 4). Unconjugated oligonucleotide was highly
susceptible to degradation in fetal bovine serum (FIG. 4,
lanes 2 through 5) while sucrose-conjugated oligonucleotide

was relatively resistant to degradation 1n fetal bovine serum
(FIG. 4, lanes 7 through 10).

Similarly, the sucrose-conjugated phosphorothioate oli-
conucleotide was more resistant to degradation 1n heat-
inactivated 10% fetal bovine serum (FIG. §, lanes 7 through

10) than unconjugated phosphorothioate oligonucleotide
(FIG. 5, lanes 2 through 5).

Hybridization of Sucrose-Conjugated Oligonucleotides to
RNA

Unconjugated and sucrose-conjugated phosphodiester
and phosphorothioate oligonucleotides were tested for their
ability to form stable RNA-DNA heteroduplexes by deter-
mining RNA susceptibility to degradation by RNase H.
RNA complementary to the oligonucleotide was labeled at
the 5'-end using y-"°P-ATP and T4 polynucleotide Kinase.
Radiolabeled RNA was hybridized to either unconjugated
phosphodiester, sucrose-conjugated phosphodiester, uncon-
jugated phosphorothioate, or sucrose-conjugated phospho-
rothioate oligonucleotide. Heteroduplex formation was
assayed by incubation with RNase H for either 10 minutes
or 30 minutes. In all cases, radiolabeled RNA that was
hybridized to oligonucleotide was degraded by RNase H
(FIG. 6), indicating that the sucrose moiety did not destroy
the capacity of oligonucleotide to form stable heterodus-
plexes.
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—continued

(2) INFORMATION FOR SEQ ID NO:1:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 base pairs
(B) TYPE: nucleilic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: DNA
(1v) ANTI-SENSE: YES

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:1l:

GCTTCTGTGC TCATGGTCT

What 1s claimed 1s:

1. A conjugate having an oligonucleotide and sucrose
coupled thereto by a crosslinker interposed between said
oligonucleotide and said sucrose, said crosslinker compris-
ing a non-naturally occurring, non-proteinaceous, electri-

cally neutral synthetic compound having a molecular weight
of up to about 20,000.

2. The conjugate of claim 1, wherein said oligonucleotide
1s selected from the group consisting of phosphodiester and
phosphorothioate oligonucleotides.

3. The conjugate of claim 1, wherein said oligonucleotide
1s an oligodeoxynucleotide.

4. The conjugate of claim 1, wherein said oligonucleotide
1s an oligoribonucleotide.

5. The conjugate of claim 4, wherein said oligoribonucle-
otide 1s catalytic.

6. The conjugate of claim 1, wherein said oligonucleotide
1s at least about 2 nucleotides 1n length.

7. The conjugate of claim 6, wherein said oligonucleotide
1s from about 2 to 50 nucleotides 1n length.

8. The conjugate of claim 1, wherein said crosslinker 1s
selected from the group consisting of:

O O O
(! P
R—O ,O—R, R 0/ \o/é 911\0/ \O—R,

O
—IKX, an
R_O/ No U N g
S
O
O O
PP
R__%jf’ ‘xt) ‘“ngf H\T)n MMC%——R
2

wherein each R moiety 1s selected from the group consisting,
of succimmidyl, imidazolyl, benzoimidazolyl, triazolyl, and
maleimidyl moieties, and each n equals from 1 to 50.

9. The conjugate of claim 8, wherein said crosslinker 1s
1,5-bis(succinimidooxycarbonyloxy)pentane.

10. The conjugate of claim 1, wherein said conjugate 1s
uselul 1n treating a disease caused by the expression of a
specific gene.

11. A complex comprising a conjugate having an oligo-
nucleotide and a carbohydrate coupled thereto by a
crosslinker interposed between said oligonucleotide and said
carbohydrate, said crosslinker being 1,5-bis
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(succinimidooxycarbonyloxy) pentane, wherein said conju-
cgate 1s bound to a macromolecule selected from the group
consisting of mRNA and double-stranded DNA.

12. The complex of claim 11, wherein said conjugate 1s
bound to mRNA.

13. The complex of claim 11, wherein said oligonucle-
otide 1s selected from the group consisting of phosphodiester
and phosphorothioate oligonucleotides.

14. The complex of claim 11, wherein said oligonucle-
otide 1s an oligodeoxynucleotide.

15. The complex of claim 11, wheremn said oligonucle-
otide 1s an oligoribonucleotide.

16. The complex of claim 15, wherein said oligoribo-
nucleotide 1s catalytic.

17. The complex of claim 11, wheremn said oligonucle-
otide 1s at least about 2 nucleotides in length.

18. The complex of claim 17, wherein said oligonucle-
otide 1s from about 2 to 50 nucleotides 1n length.

19. The complex of claim 11, wherein said carbohydrate
1s selected from the group consisting ol sucrose,
N-acetyllactosamine, galactose, glucose, mannose, Sialyl
Lewis™ and dervatives and fragments thereof, and carbohy-
drate moieties of biofunctional glycoproteins and glycopep-
tides.

20. The complex of claim 19, wherein said carbohydrate
1S SUCTOSE.

21. The complex of claim 11, wherein said carbohydrate
1s coupled to the 3'-end of said oligonucleotide.

22. A method of forming a conjugate having an oligo-
nucleotide and a carbohydrate coupled thereto, including the
steps of:

providing an oligonucleotide, a carbohydrate and a
crosslinker comprising a non-naturally occurring, non-
proteinaceous, electrically neutral synthetic compound
having a molecular weight of up to about 20,000; and
reacting said oligonucleotide with said carbohydrate
and crosslinker to form said conjugate, said reacting

step being catalyzed by an enzyme.

23. The method of claim 22, wherein said enzyme 1s
selected from the group consisting of Bacillus protease type
VIII, Bacillus protease bioenzyme 240, Bacillus protease
B-500, alkaline protease, aminoacylase, and lipase.

24. The method of claim 23, wherein said enzyme 1is
Bacillus protease type VIII.

25. The method of claim 22, wherein said reacting step 1s
conducted at a temperature of from about 35 to 600° C.

26. The method of claim 25, wherein said reacting step 1s
conducted at a temperature of from about 40 to 50° C.

27. The method of claim 22, wherein reactants are agi-
tated 1n said reacting step.
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28. The method of claim 22, wherein said oligonucleotide
1s selected from the group consisting of phosphodiester and
phosphorothioate oligonucleotides.

29. The method of claim 22, wherein said oligonucleotide
1s an oligodeoxynucleotide.

30. The method of claim 22, wherein said oligonucleotide
1s an oligoribonucleotide.

31. The method of claim 30, wherein said oligoribonucle-
otide 1s catalytic.

32. The method of claim 22, wherein said oligonucleotide
1s at least about 2 nucleotides 1n length.

33. The method of claim 32, wherein said oligonucleotide
1s from about 2 to 50 nucleofides 1n length.

34. The method of claim 22, wherein said carbohydrate 1s
seclected from the group consisting of sucrose,
N-acetyllactosamine, galactose, glucose, mannose, Sialyl
Lewis™ and derivatives and fragments thereof, and carbohy-
drate moieties of biofunctional glycoproteins and glycopep-
fides.

35. The method of claim 34, wherein said carbohydrate 1s
SUCTOSE.

36. The method of claim 22, wherein said carbohydrate 1s
coupled to the 3'-end of said oligonucleotide.

37. The method of claim 22, wherein said crosslinker 1s
selected from the group consisting of:

0 0
H | I, |
O_R . /C\ AN A

/\/(\/)\/O—Rand
t2 H

R—

O

C\/f\/\a/\

wherein each R moiety 1s selected from the group consisting,
of succimimidyl, imidazolyl, benzoimidazolyl, triazolyl, and
maleimidyl moieties, and each n equals from 1 to 50.

38. The method of claim 37, wherein said crosslinker 1s
1,5-bis(succinimidooxycarbonyloxy)pentane.

39. The conjugate of claim 1, said conjugate consisting
essentially of a single oligonucleotide molecule with said
sucrose coupled thereto by a crosslinker interposed between
said oligonucleotide and said sucrose, said crosslinker com-
prising a non-naturally occurring, non-proteinaceous, elec-
trically neutral synthetic compound having a molecular
welght of up to about 20,000.

40. The complex of claim 11, said conjugate consisting,
essentially of a single oligonucleotide molecule with said
carbohydrate coupled thereto.

41. The complex of claim 40, including a crosslinker
coupling said oligonucleotide molecule and said carbohy-
drate.

42. The complex of claam 11, said carbohydrate having a
molecular weight of up to about 1500, there bemg a
crosslinker coupling said oligonucleotide and said
carbohydrate, said crosslinker being electrically neutral and
having a molecular weight of up to about 20,000.

43. A conjugate having an oligonucleotide and a carbo-
hydrate coupled thereto by a crosslinker interposed between
said oligonucleotide and said carbohydrate, said crosslinker
being 1,5-bis(succinimidooxycarbonyloxy) pentane.

44. A complex comprising a conjugate having an oligo-
nucleotide and sucrose coupled thereto by a crosslinker
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interposed between said oligonucleotide and said sucrose,
said crosslinker comprising a non-naturally occurring, non-
proteinaceous, electrically neutral synthetic compound hav-
ing a molecular weight of up to about 20,000 wherein said
conjugate 1s bound to a macromolecule selected from the
ogroup consisting of mRNA and double-stranded DNA.

45. A method of forming a conjugate having an oligo-
nucleotide and sucrose coupled thereto, including the steps

of:

providing an oligonucleotide, sucrose, and a crosslinker
comprising a non-naturally occurring, non-
protemaceous electrically neutral synthetic compound
having a molecular weight of up to about 20,000; and

reacting said oligonucleotide with said sucrose and
crosslinker to form said conjugate.
46. A method of forming a conjugate having an oligo-
nucleotide and a carbohydrate coupled thereto, including the
steps of:

providing an oligonucleotide a carbohydrate and a
crosslinker comprising a non-naturally occurring, non-
proteinaceous, electrically neutral synthetic compound
having a molecular weight of up to about 20,000; and

reacting said oligonucleotide with said carbohydrate and
crosslinker to form said conjugate, said crosslinker
being 1,5-bis(succinimidooxycarbonyloxy) pentane.

47. A conjugate having an oligonucleotide presenting
opposed terminal 3' and 5' ends and a sugar comprising
sucrose coupled thereto by a crosslinker interposed between
said oligonucleotide and said sugar, neither said sugar,
oligonucleotide, nor crosslinker containing an amino acid
residue moiety exceeding 10 amino acid residues 1n length,
said crosslinker comprising a non-naturally occurring, non-
proteinaceous, electrically neutral synthetic compound hav-
ing a molecular weight of up to about 20,000, and said
crosslinker being covalently coupled to one of said oligo-
nucleotide ends.

48. A complex comprising a conjugate having an oligo-
nucleotide presenting opposed 3' and 5' terminal ends, and a
sugar comprising sucrose coupled thereto by a crosslinker
interposed between said oligonucleotide and said sugar,
neither said sugar, oligonucleotide, nor crosslinker contain-
ing an amino acid residue moiety exceeding 10 amino acid
residues 1n length, said crosslinker comprising a non-
naturally occurring, non-proteinaceous, electrically neutral
synthetic compound having a molecular weight of up to
about 20,000, wherein said conjugate 1s bound to a macro-
molecule selected from the group consisting of mRNA and
double-stranded DNA, said crosslinker being covalently
coupled to one of said oligonucleotide ends.

49. A method of forming a conjugate having an oligo-
nucleotide and a sugar coupled thereto, including the steps

of:

providing an oligonucleotide presenting opposed 3' and 5
terminal ends, a sugar comprising sucrose and a
crosslinker comprising a non-naturally occurring, non-
proteinaceous, electrically neutral synthetic compound
having a molecular weight of up to about 20,000; and

reacting said oligonucleotide with said sugar and
crosslinker to form said conjugate, said crosslinker
being covalently coupled to one of said oligonucleotide
ends, neither said sugar, oligonucleotide, nor
crosslinker containing an amino acid residue moiety
exceeding 10 amino acid residues 1n length.

50. The conjugate of claim 1, wherein said sucrose 1s

coupled to the 3'-end of said oligonucleotide.

G o e = x
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